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AMORPHOUS CARRIER MATERIALS FOR DRUG DELIVERY 

Fi Id of the Invention 

This invention relates to carrier particles for use in dry powder inhalers, and 
compositions containing the carrier particles. 
5 Bacl<Qround to the Invention 

The administration of phamnaceutical agents via the pulmonary route is now of 
widespread interest and use. 

Delivery of therapeutics is carried out using an inhaler device. Many different 
inhaler devices are known and there is much interest in developing improved devices 
1 0 which offer better delivery of the therapeutic and which are able to better regulate the 
dose administered. 

One prefen"ed type of device is the dry powder inhaler, which delivers dry 
powder particles comprising the therapeutic agent, using inhalation by the patient to 
expel the powders. However, improvement in this technology is desirable so that 

1 5 greater amounts of therapeutic can be delivered successfully to the patient. 

One way of achieving this is to improve the formulations for use in the inhaler 
device to provide better flow properties on inhalation. 

Typically, compositions used in the dry powder inhalers are formulated with 
suitable excipients which not only protect the therapeutic during storage, but which also 

20 aid the delivery process. One example is formulations of the therapeutic comprised 
within a solid carbohydrate matrix. These formulations are able to produce particles 
with good flow properties. An altemative example relies on small particles of the 
therapeutic agent which are then bound to a much larger carrier particle, which 
dissociates after inhalation, to release the therapeutic agent. 

25 The therapeutic particles are usually small, spherical microspheres with a 

diameter in the range of 1 to 10 Mm. The canier particles are usually greater than 90 
pm in diameter to achieve the flow characteristics required. 

WO-A-95/1 1666 discloses dry powder formulations having carrier particles with 
good flow properties. The canier particles are treated to dislodge small grains from this 

30 surface of the earner to produce a high surface area on which the therapeutic particles 
can associate. It is stated that the carrier particles treated in this way reduce the 
amount of high energy sites which bind strongly to the therapeutic particles, preventing 
tfieir release attiie appropriate time. The carrier particles are crystalline sugar partici s, 
preferably lactose particles. 
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Although many different fomiulations exist, there is still a need for improved 
formulations for inclusion in dry powder inhalers. 
Summary of the invention 

The present invention is based on the surprising finding that hydrophoblcally- 
5 derivatised carbohydrates, when manufactured as amorphous particles, have beneficial 
properties making them very suitable as a carrier material. 

According to one aspect of the invention, a particulate composition for 
pulmonary delivery comprises discrete particles of a therapeutic agent and of an 
amorphous carrier material, the carrier material being a hydrophobically derivatised 
1 0 carbohydrate (HDC). 

According to a second aspect, amorphous particles consisting of a 
hydrophobically derivatised carbohydrate are used in the manufacture of a composition 
for the delivery of a therapeutic agent via the pulmonary route. 

According to a third aspect, an inhaler device comprises a composition 
1 5 comprising a therapeutic agent bound to amorphous HDC canier particles. 

In one embodiment, the carrier material particles are 30-300 pm in diameter. 
In a prefen-ed embodiment, their size is 50-150 pm. 

The therapeutic agent may be any suitable agent, for example any beneficial 
peptide or protein which can exert a therapeutic effect when administered via the 
20 pulmonary route. In one embodiment, the therapeutic is insulin, in either its monomeric 
or hexameric form. 

The amorphous nature of the earner material may be achieved using any 
suitable technique. Preferably, the amorphous nature is achieved by spray-drying a 
suitable HDC. 
25 Description of the Invention 

The present invention requires the production of amorphous particles of HDCs. 
The invention therefore differs from much of the prior art which requires either 
crystalline materials, or non-derivatised sugars such as lactose. 

The amorphous nature of the carrier particles is important as it imparts a 
30 relatively constant surface energy to the particles. This in turn allows the therapeutic 
agent to associate with the canier in a uniform manner, and disassodation at the 
appropriate time is also achieved in a unifonn way. 

The tenm "amorphous" is applicable to any solid having a non-periodic atomic 
array. The temn "glass" has conventionally been reserved for an amorphous solid which 
35 exhibits a glass transition (Tg). 
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For an amorphous solid, the essential aspect with which its structure differs from 
that of a crystalline solid is the absence of long range order. The matrix of equilibrium 
atomic positions is strongly disordered, and there is no longer any translational 
periodicity. 

5 The fomnation of an amorphous solid is characterised by a change of phase (the 

glass transition temperature) represented by a shallow bend in a plot of volume versus 
temperature. An explanation of the formation of amorphous solids and of the glass 
transition temperature may be found in Craig etal, InL J. Phamn., 1999; 179:179-207, 
The carrier material may be any hydrophobically derivatised carbohydrate 

10 (HDC). 

The tenm "hydrophobically derivatised cartDohydrate" is intended to refer to any 
cariDohydrate which has one or more (or all) of the sugar hydroxyl groups replaced with 
a hydrophobic substituent including, but not limited to, esters and ethers. The HDC will 
preferably be hydrophobic. The cartDOhydrate derivatives must be capable of forming 

15 a solid amorphous structure, preferably with a glass transition temperature greater than 
20**C, preferably greater than 40**C and most preferably greater than 60°C. Suitable 
HDCs are described in WO-A-96/03978, the content of which is incorporated herein by 
reference. Preferred HDCs useful in the present invention include trehalose 
derivatives, including trehalose octaacetate (TOAC) and trehalose hexaacetate 

20 diisobutyrate (TIBAC). 

Methods for producing the amorphous state for HDCs will be apparent to the 
skilled person. Suitable methods include spray-drying. Alternatively, a solution of the 
HDC can be dried at elevated temperatures, preferably under vacuum, to remove 
residual solvent content to achieve the amorphous, glassy state. The HDC could also 

25 be subjected to melt extrusion. The amorphous/glassy HDCs may then be ground or 
milled to produce the required size for use in the invention. 

Typically, the residual solvent content for the HDC particles will be below 5%, 
preferably below 2% as measured by differential scanning calorimetry (DSC) Craig et 
al, supra. Spray-drying is a preferred way of achieving the amorphous state as it has 

30 the added benefit of producing particles with a suitable diameter as part of the overall 
process. Appropriate conditions for spray drying will be apparent to the skilled person. 

The HDC canier particles should be relatively large compared to the therapeutic 
particle. Typically, the earner material will be approximately greater than 30 jjm, 
preferably greater than 50 pm and most preferably between 50-300 pm in diameter. 
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When produced by spray-drying, the carrier material will usually be in a free-flowing 
state, readily useable in a dry powder inhaler. 

Prior to inclusion in a dry powder inhaler, the carrier material should be blended 
with the therapeutic to be delivered. Methods for blending the components will be 
5 apparent to the skilled person. 

The therapeutic may be in any suitable form useable in dry powder inhalers. 
Typically, the therapeutic will be a microparticle of approximately 1-20 pm. preferably 
1-5 pm in diameter. Therapeutics suitable for use in the present invention include 
proteins, peptides, nucleic acids and chemical drugs. 

1 0 Proteins which may be used according to the invention include insulin (for the 

treatment of diabetes), interferons, CM-CSF, cytokines, growth factors, antibodies, 
blood factors and therapeutic peptides. Other candidate therapeutics that may be used 
in the invention include anti-asthmatics (bronchodilators), e.g. salbutamol, anti- 
inflammatories and analgesics. 

15 It is preferable if the therapeutic particles consist only of the active agent, as this 

provides advantages for controlling the dose administered to a patient. However, the 
active agent may be formulated with suitable excipients, which may be required for 
stabilising the active agent, for example on storage. The therapeutic particles may 
therefore include the active agent together with a carbohydrate or suitable salt 

20 Fomiulating the carrier material and therapeutic will be apparent to the skilled 

person based on typical formulation research. The dose administered to the patient will 
depend on \he active agent to be given and the severity of the disease. Appropriate 
dose regimens can be readily determined by tine skilled person. 
The following Examples illustrate the invention. 

25 Example 1 

Amorphous TOAC was prepared by a quench of the molten material, allowing 
it to cool, tiien grinding in a pestie and mortar. This material was then sieved to obtain 
the required size fraction 63-100 pm. A sufficient mass of pre-screened inhalation- 
grade salbutamol sulphate was added to tiie amorphous TOAC above to provide 200 
30 pg of salbutamol base per 20 mg of blend. 

This mixture was then blended using a turbula until homogeneous, as 
determined by HPLC analysis of 5 aliquots from the powder bed. 20mgofthlsbl nd 
was then placed Into size 4 hard gelatin capsules and emitted into an MSLl at 50 1 
min-^ from a Hovione Flow caps device. The mean % fine particle fraction (FRF) (<3,40 
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pm) was determined by HPLC analysis of the salbutamol content of tlie rinsings from 
a total of 5 ains. 
Example 2 

Example 1 was repeated using a 150-250 jjm size fraction of the amorphous 

5 TOAC. 
Example 3 

A 150-200 jjm size fraction of the mixture TOAC raw material was tested as in 
Example 1. 
Example 4 

10 A 1 50-250 pm size fraction of the crystalline trehalose was tested as In Example 

1. 

Example 5 

Lactose 325M (74+15 pm) was tested as in Example 1 without screening. 
The results are shown in Table 1 . 
15 Table 1 



No. 


Material 


%FPF 


SD 


%CV 


1 


65-150 pm amorph. TOAC 


26.56 


1.79 


6.75 


2 


150-250^01 amorph. TOAC 


20.04 


1.36 


6.79 


3 


150-250 Mm cryst. TOAC 


6.60 


0.93 


14.13 


4 


150-250 |jm cryst. trehalose 
T.2H2O 


19.19 


2.06 


10.72 


5 


75 ± 15 pm lactose 325 M 


23.57 


3.00 


12.74 



Table 1 shows that the amorphous HDC earners demonstrate an improved 
emitted dose unifonnity compared to both crystalline trehalose and lactose. A further 
25 surprising finding was that the amorphous earners demonstrated a higher fine particle 
fraction than the same sized particles of the industry standard (Lactose 325 M). 
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CLAIMS 

I . A particulate composition for pulmonary delivery, comprising discret particles 
of a therapeutic agent and of an amorphous carrier material, wherein the canier is a 
hydrophobically derivatised cariDohydrate (HDC). 

5 2. A composition according to claim 1 , wherein the HDC is trehalose octaacetate. 

3. A composition according to claim 1 or claim 2, wherein the carrier particles are 
50 to 300 ^m in diameter. 

4. A composition according to any preceding claim, wherein the therapeutic agent 
is a protein or peptide. 

10 5. A composition according to claim 4, wherein the therapeutic agent is insulin. 

6. A composition according to any preceding claim, wherein the carrier particles 
are obtainable by spray-drying a HDC solution. 

7. A composition according to any preceding claim, for therapeutic use. 

8. Use of amorphous particles consisting of a hydrophobically derivatised 
1 5 carbohydrate, and particles of a therapeutic agent, in the manufacture of a medicament 

for the treatment of a disorder against which the therapeutic agent is active. 

9. Use according to claim 8, wherein the agent is insulin and the disorder is 
diabetes. 

10. Use according to claim 8, wherein the agent is a bronchodilator and the disorder 
20 is asthma. 

II. An inhaler device comprising a composition according to any of claims 1 to 6. 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organizati n 

Iniemational Bureau 

(43) International Publication Date 
28 February 2002 (28.02.2002) 




PCT 



(10) International Publication Number 

wo 02/015876 A3 



(51) Internatiooal Patent ClassificatioD'': 

9/14, 9/16, 47/26 



A61K9/00. 



(21) International Application Number: PCT/GBOl/03676 

(22) International Filing Date: 16 August 2001 (16.08.2001) 
(25) Filing Language: 



(26) PubticatiOD Language: 



English 
English 



(30) PrtorityData: 

0020616.9 



21 August 2000 (2 1 .08.2000) GB 



(71) Applicant {for all designated States except US): QUAD- 
RANT HEALTHCARE (UK) LIMITED [GB/GBl; 1 
Mere Way, Ruddington, Nottingham NGl 1 6JS (GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only); BLAIR, Ju- 
lian [GB/GB]; (Juadrant Healthcare (UK) Limited, 1 
Mere Way, Ruddington, Nottingham NGll 6JS (GB). 
KAMPINGA, Jaap [NUNL]; Reitveldlaan 35. NL-9731 
MJ Groningen (NL). 

(74) Agent: GILL JENNINGS & EVERY; Broadgate House, 
7 Eldon Street, London EC2M 7HL (GB). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, H, GB, GD, GE, GH, 
GM, HR, HU, ID, XL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG. SI, SK, 
SL, TJ. TM, TR, TT, TZ. UA, UG, US, UZ. VN, YU. ZA, 

zw. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE. LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ. TM), European 
patent (AT, BE. CH, CY, DE, DK, ES, FI, FR, GB. GR, IE, 
IT. LU, MC, NL, PT, SE, TR). OAH patent (BF. BJ, CF, 
CG, CI, CM, GA, GN. GQ, GW, ML, MR. NE, SN, TD, 
TG). 

Published: 

— with internaiionai search report 

(88) Date of publication of the international search report: 

1 August 2002 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 

00 

I/) 

s 

w (54) Title: AMORPHOUS CARRIER MATERIALS FOR DRUG DELIVERY 

O 

^ (57) Abstract: Amorphous hydrophobically^erivatised carbohydrates (HDQ are used as efifective canier materials to deliver mi- 
1^ croparticles of a therapeutic agent to the lung. 



INTERNATIONAL SEARCH REPORT 



Inteml il AppUcallon No 

PCT/GB 01/03676 



A. CLASSIFICATION OFSUBJECT MATTER , 

IPC 7 A61K9/X)0 A61K9/14 A61K9/16 A61K47/26 



According to (niemallonal Patent Classiftealton (IPC) of to t>oth national ctesstficaiton and IPC 



B. RELDS SEARCHED 



Minimum documentation saarctied <das3tficatlon system folowed by dasstncaUon symbols) 

IPC 7 A61K 



Documentaiioo searctied ottier than mtntmum documentation to the extent that such documents are Inctudad In the fields searched 



Electronic data base consulted during the iniemalional search (name of data base and, where practical^ search terms used) 

WPI Data, PAJ. CHEM ABS Data 



C. DOCURgENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, wtth Indication, where appiDpiiate. of the relevant passages 



RelevanI to claim No. 



X.P 



wo 98 29097 A (QUADRANT HOLDINGS CAMBRIDGE 
LTD.. UK) 9 July 1998 (1998-07-09) 

claims 1,2,7,8,11,14-21 

examples 

UO 96 03978 A (QUADRANT HOLDINGS CAMBRIDGE 
LTD., UK) 15 February 1996 (1996-02-15) 
dted In the application 
claims 

1,8,11,15,16,18,19,22,24,35,37,38,43-49,51 
page 42, line 27 - line 29 
page 45, line 12 - line 19 
page 46, line 9 - line 17 

WO 01 03673 A (QUADRANT HOLDINGS CAMBRIDGE 
LTD., UK) 18 January 2001 (2001-01-18) 

claims 

examples 



-/- 



1-11 



1-11 



1-11 



[ X I further documents are listed In the continuation of box C. 



|X I Patent family memt)ere are listed In annex. 



* Special categories of dted documents : 

*A* document doflntng the general slate of the art which Is not 

considered to be d particular relevance 
'E* earlier document txjt puWbhed on or after the titematlonal 

filing date 

*L* document which may throw doubts on priority dakn^s) or 
which IS dted to estebUah the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral dbdosure. use, exNbliion or 
other means 

*P* document published prior to the International ning date but 
later than the priortty date claimed 



*T later document published after the International flOng date 
or priority data and not In conflict with the application but 
dted to understand the principle or theory underlytngthe 
Invention 

*X' document of particular relevance; the daimed Invention 
cannot be considered novel or cannot be oonslderad to 
Involve an inventive step when the document Is taken alone 
document of particular retevanoe; the claimed Invention 
cannot be considered to kivotve an Inventive step when the 
document b combined with one or more other such docu- 
ments, such oomMnailon behg obvious to a person sUUed 
Intheait 



'&* document member of the same patent famty 



Dale of the actual completion of the Intematlonal search 



13 February 2002 



Date of maiing of the Intematlonal search report 



21/02/2002 



Name and malOng address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 

NL-2280HVnqsw^k 

Tel (+31-70) 340-2040. Ix. 31 651 epo nl 

Far (♦31-70) 340-3016 



Authorized ofOoer 



Scarponi, U 



Fom PCT/ISA«10 (MCond ihMt) (July 1802) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Intarni il AppBcailon No 

PCT/GB 01/03676 



C^Centlnuatlon) DOCUMENTS CONSIDEReO TO BE RELEVANT 



Category * Citation o( document, wtth indicallon.wlwre oppiopitate, ol tl<e relsvant passages 



RelevamtoclaintNo. 



UO 99 33853 A (QUADRANT HOLDINGS CAMBRIDGE 
LTD., UK) 8 July 1999 (1999-07-08) 
Claims 1,4,5,7-10,12-15,18-20 



1-11 



Form PCT/ISA/21 0 (oontinuation ol saoond ihMi) (Jiiy 1093) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 














Intem al AppllGBtlen No 


Information on patent family members 




PCT/GB 01/03676 


Patdnt document 


Publication 




Patent famtty 


Publication 


cited tn search report 


date 




mennber{s) 




dale 


WO 9829097 A 


09-07-1998 


AU 


/OcOH/ DC 


26-04-2001 






AU 




31-07-1998 






EP 


\J)7Hy)f\j/ Mi 


20-10-1999 






WO 


Qfi9Q0Q7 A1 
30c^U7/ ni 


09-07-1998 






JP 




05-06-2001 






ZA 




28-12-1998 


WO 9603978 A 


15-02-1996 


US 




18-09-2001 






AU 


DoOOD/ DC 


12-03-1998 






AU 


^IftCIOC; A 


04-03-1996 






AU 


/U/DU3 


15-07-1999 






AU 


71fiAAQA A 


20-08-1998 






BG 


IXJiCfO ft 


30-12-1997 






CA 


91Q70ft9 Al 
ciy fyOc ftl 


15-02-1996 






CZ 


Q7nnA7fi A*^ 
7/UUH/O ftj 


13-08-1997 






EE 


Q7nnnfi? a 


15-08-1997 






EP 


11 0001 7 ft4 


04-10-2001 






EP 




04-10-2001 






EP 


n77'^7ft1 Al 


21-05-1997 






FI 


970867 A 


08-04-1997 






WO 


9603978 Al 


15-02-1996 






HU 


mil A? 


28-08-1998 






Jr 


10503769 T 


07-04-1998 






NO 


971688 A 


11-04-1997 






NZ 


£7U07Q M 


24-04-1997 






PL 


•J10070 Mi 


21-07-1997 






SK 


?77Q7 A"? 

4/ /7f MO 


06-08-1997 






US 


bUU iUJ0090 ni 


08-11-2001 






US 


6331310 81 


18-12-2001 






US 


2002012687 Al 


31-01-2002 


WU UiU^O/J A 


lO-Ql-ZOOl 


All 

AU 


6166600 A 


OA A4 AAA4 

30-01-2001 






WO 


0103673 Al 


18-01-2001 


wo 9933853 A 


08-07-1999 


AU 


2062999 A 


19-07-1999 






EP 


1042339 A2 


11-10-2000 






WO 


9933853 A2 


08-07-1999 






JP 


2001527087 T 


25-12-2001 






ZA 


9811843 A 


24-06-1999 





Form PCinBAfZiO (patan! (amUy wnM) (Juy 198S) 



